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Internationai Workshop on Human Subjects
For Biomechanical Research

Minutes of Fourth Annual Meeting and Technical Session

The Fourth Internationai Workshop on Human Subjects for Biomechanical
Research was cenvened by Mr. Arthur E. Hirsch at 9 a.m., on October 22, 1976,
at the Hyatt Regency Hotel in Jearborn, Michigan. More than 70 persons were in
atterncance. Mr. dirsch's Firse item of business was an announcement that the
maiiing List was being extensively revised and that researchers interested in
meceiving WOrKsnop mailings shoutd be sure their current address s part of the
new maiiing iist. He then briefiy reviewad the previous three workshops,
stressing their informal nature and emphasis on open discussion. Mr. Hirsch
reminded the attendees that tire technical papers presented at the workshop are
not to be considered publisned materiais and are not to be referenced as such.
re mentioned the use of ad-hoc commitiees as the method of addressing particuiar
probiems Of research with cacavers. Finaily, he listed four problem areas that
need to be addressed by ad-noc committees: the metnod of choosing cadaver
materials for tESu1Ng, methods for preparing cadavers; the identification of
soft tissue "injuries" and then relation to AIS rating; and interpretation of
test resuits.

Mr. Hirsch then announced that iast year's aiscussions on affiiiaticn ruwc
resuited in the workshop becoming afiiiiated with the Stapp Car Crash Conterince.
cacn year, either the day pefore or tne cay after the Stapp Conference wi' . Z:z
designated Tor the workshop. Stapp Conference jetternhead will probabiy pe uted
Tor worksnop Correspondence, and workshop arrangements will be announCec with
Stapp Conference announcements. 150, Sepretary to the Workshop has oec
designated. He is Mr. Davi¢ K. Foust o. the Highway Safety Researcn ir.:
at the University of Michigan. Mr. Foust has prepared minutes for thr ree o7
workshops and will continue to do so. de wili also be the point of ¢ r
workshop-reiated inquiries. Mr. Arthur E. Hirsch will continue to chrair tne
workshops.

COMMITTEE REPORT

Ad-Hoc Committee on Guidelines for Comparison of Human and Human Anaicg Subjects,

Or. Daniel J. Thomas {NAMRL), Chairman.

Or. Thomas noted that the ;omﬂﬁttee nad no new formal report to meke &t this
meeting. He briefiy reviewed the six guideiines presented in the two reports
the committee nas prepared in previcus years. He invited any researcners who
wish ©o have copies of those reports to contact him directly at NAMRL,
Detacament i, Box 29407, Michoud Station, New Orieans, Louisiana 70i89.
Or. Tnomas asked if Other researcners had successftully used the guideiines and
nad produced data that were usefui in anaiytical models. Discussion centered on
the Ti anatomical coordinate system and the fact that it i$ availabie oniy througs
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an eiternally-availabie coordinate system Yor auman volunutcors. Lo \
ccamented that & rigid coorditate system is needed that can describe the
cynamic input to the head and neck, and that they have not been abie 1o
gevise a better one than the system iocated at T1. He aisc noted that only
one set of 3-0 X-rays is needed for a human volunteer subject and that those
are roughly equivaient in exposure to a single chest X-ray.

There were three sessions of prepared discussion in conjunction with this
committee report. DOr. H.M. Reynolds, HSRI, and Dr. Clyde Snow, FAA/CAMI,
ciscussec nreparations for a rew study of pelvic anthropometry which was
secun recently. Or. Reynoids cescribed tne experimental design for tne
‘act. Using HEW data, he has been able to closely matcn population neight/
., size statistics for 5th, 50th and 95tn percentile femaies anc ma.es
of & cells) to a sampie of grepared skeletal material. The samplie is

ing taken from the Hamann-Tccd coliection of approximately 3000 skeietons
t the Cleveland Museum of Natura: History. This collection is unigue in that
Targe group of anthropometric measures were obtained from each cadaver prior
skeletal preparation. Tre study sample wili consist of 300 (150 maie, 150
ma.e) compiete peivises from tne collection together with the anthropometry
r those specimens. Dr. Snow then reviewed the peivic measurement technigues.
f interest to the workshop is the fact that 120 ianamarks have been specified.
Tweive pairs of measurements wili oe taken of the entire peivis, and the
remainder from one-haif of the pelvis (bilateral symmetry is assumed) and the
wnoie sacrum. Tnese lancmarks wiil be Tocated in tnree-dimensional space
relative to an externai coordinate system, using a computerized three-dimensional
cicitizer. An aaditional feature of the study is tne use of various-sized
hemisaneres whicn fit into tne acetabuium and can be used to locate an anatomical
H-point (at the center of the fitted hemispnere).
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Further prepared discussion was presented by Dr. A.J. Padgaonkar, Wayne
tate University. He reviewed his experience, generally successfully, in
using the committee guideiires to estabiisn iandmarks and locate accelercmeter
mounts relative to body coordinate systems. He also described a series of
recommended landmarks for iccating mounts on tne upper leg, lower leg, upper
arm and lower arm. He noted potential odrobiems with paraliax in X-ray studies
and the importance of proper positioning of the cadaver prior to obtaining
X-rays. Finally he described a matnematical method of establishing coriect
landmarks from X-ray films. This metnod measures angies between landmarks and
corrects for aligament errors to produce a new direction cosine. He was aoié
to define coordinate systems accurateiy using this method.

Dr. Thomras noted an aiterrate way ot establishing Tandmarks using the 3-D
X-rzy tecnnigue and a three-point array. 7Tnis aliows the angular reiat: i
to se calculated Gater and greatiy simpiiries subject positioning. He a
encouraged Dr. Padgaonkar to pubiisn nis methodoiogy and the accompanying
analysis. Other comments were made regarding the use of a point on the po
dependent radius as a landmark ratner than one on the ulna.

Mr. Hirsch then requested Or. Thomas' opinion on the future of the guide-
“ines committee. Dr. Thomas feels that, since the committee is ad-hoc and
informal, it shouid remain in existeace. It will continue to deal with concepts
and problem areas. He recommended that techniques and methologies based on the

concepts be deveioped and published.
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Ad-Hoc Committee on Detraiied Injury Scaiing, Or. Jont o o vy
and Dr. Claude H. Tarriere, Peugeot-Renau.t, Co-Chai uer

Or. Melvin began the committee regort by noting that zhe ovrostén of
“injury" scaiing of cadavers is a diffuse one, of too ierie e §

group comr.ttee action. He recommenced Tnat the bocy oe ¢
recions. A S "‘ﬁy!e voiunteer Tamiiiar with testing orobiems

trnat
region wou.d then deveio) a preverrvec sca.ing metnod for that region
and obtain corments from other researchers. The objective wouia be to

nave the profscsed sCaitng metados aveiiable for discussion at the next
WOTKSRop. or. nb.vin CLTLG TOur areds oY concern to the commitiee-ca
5“”ectich, preparation TOr TeST, &ulopsy procedure anc "injury” rat1
e emphasized the neec Tor comparability among technicues used by
different rescarch teams, especialiy ‘n the latter two areas. rinaily ne
suggested G.ng.ng the cody intc the following regions for purposes of
deveicping rating systems: read, spine, thorax, abdomen, and pelvis/lower
extremities. e further s;gg 5tag that a volunteer be sougnt from both
the U.S. ana tnhe European research groups for eacn region.

1

There was some discussion at tnis point regavdﬁng the advisability of
segmenting the body ana handiing the difierent regions independently
especialiy for tne selection and preparation topics. The argument was
tnat selection and preparation tenc o be wincie-body activities, while
autopsy and rating are often related to tests of separate body regions.
This point of view was adopted by the workshop.

Mr. Hirsch then noted that the output of & cadaver test rating snoc.o
reiate directly to the AIS information being gatnered by in-deptn acchcent
investigation projects. He feit the committee should coordinate witn
AAAM and others who define injury assessment. Dr. John D. States, universit
of Rochester, offered to provide tne necessary (ink, since he boin &tus
the workshops and is on the AAAM Committee responsibie for the Aobreviear
Injury Scale. Volunteers for estabiishing the protocols for injury rau

were tnen saelicited.

_.!,

Dr. A.K. Ommaya, Netional Institues of Health, discussed the potentia.
vaiue of EMI scanning as & selection or pre-autopsy technique. &Ml s NG
produces cross-sectiona’ cUmputerized tomograpns with s1gn1f1bou° de
Its use is currently vrestricted due to Timited availability of cannﬁ.
and because the cost of a whole body scan approaches $1000. Under certain
conditions, however, EMI scanning couid provice valuable information.

Dr. Melvin then asked if a separate committee was needed to study szecitic
preparation techn1ques SuCh &s pchb“TTZ&tTOﬂ The workshop consensus wa
that no action is needed before next year, but that researchers shouia §i
special attention to preparation problems invoiving pressurization.
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Tne comittes report Cconciuded With prepared Giscusyion oy Ur. wonh D.
States, University of Rochester. He reviewed the injury .bulzua sysien
uth.chd oy AAAM, noting tnat the Adoreviated Injury Sceie (ALS) it
&

illbexid&d L b
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2 a scale 0? InGuries to iive pau1ents, and trat a comprehensive
G peen deveicoec. or. J.F. Huelke, Un1VGT)|LJ oFf Micnigan, is
O Cb : €05 \..zCOu-ILt‘“’Ld in using the scaies. re noted that an
=p the Newrotraumatoiogy Committee) is now prodcsing methods
sﬁon GRS Coma.  ahts wili be a ciinicaliy-orienced nead
injury scaie and may ot D¢ aporosriate Tor researcn with cadavers, but
Z " UaG The Commtiee’s recommencations Tor review.
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Sr. States will ne recelving

Jr. States &1s0 recomnended TWO STEACATES YOr adtonsy - one for research
surssses anc one for acoident investigation team use.  The second would be
aimes at tne “average” LETAGLCCTST WAD 1S not normally involvea ia crash
ingury reseéarch. He recommencec nat the workshop scaling committee main-
tain some coritact with the Accident investigation Division of NHTSA

TECHNICAL SESSION

cotee reports and prepared discussion 'S 5
o wis degun. rifteen brief, informa
1o T enerai areas of cadaver uu.,iz
Tion tecnhnicues. This section ¢
oY the presentations. More detat:
d in tre papers which follow tnese

Tion

P <N

ST
ESCrinTiIon
ns may oe ftound

’rior to beginning tne Tecnnica: Session, Mr. Hirsch introducea
Or. Wiseley, Chief of Forensic Medicine in the Los Angeles County Medica:
Examiner's Office. Dr. Wiseiey was representing Dr. 7.7. Noguchi, the Lcs
Angeles County Medical Examiner.

Validity Studies

1. Compariscn of tne Vivo and Cadaver Brain Injuries, Dr. W. Alter, Armead
ForcesRadiclogical Researchn Institute. Or. Aiter described a series of
whiplash=-injury ccmpar1son tests in waich angular accelerations of tne
nead were produced in anesthetized and fresh cadaver cynomolgus {(Macaca
,asc1cu1ar"<; monkeys. Tre nead was fixad in dental stone for the tests;

a smail "window" was built into the nelmet for cobservation purpeses.
Acceleraticns of the head were meas urea uy accelerometers placed at tne
midbrain and at the Ci-2 and ‘!-;2 ev;.s of the spine. These iocaticns
were thought to represent primaril y anguiar, a combination of anguiar and

transiational, and primariiy transiational mot1ons, respectiveiy.
Accelerations were applicc at sub-concussive, concussive, and super-
cornicussive ievels such tnat tne center of rotation would be at the micorain.
For eacn concussive level, rotations of 30°, 4£°, and 60° were induce

lacaver monkeys were testec with H.;JSQ‘;zutwoh of tne brain vascular system.
Or. Alter described the response of anesthetized monkeys (superconcussive
jevel, 60° rotation) as arrytnmia, aprea, bradycardia, and hypotension at
the midbrain. Although cadaver monkeys were tested within a few days of



death, no hemorrhage was demonstrated in tne brain Tiisul, /& Lo 700
were flattened due to disruption of the oiocod-orain Sariier anG result
edema of brain tissue. Dr. Alter observed that thc entire vascu.ar
system may not be filled with the pressurization method.

In response to questions, Dr. Alter mentioned that only seiine was used
to pressurize the brain, and that pressurization began immediateiy prior

- +in oo + ‘1 ; ; ; 1 2 Ny e - 5
to the test. Dr. Alter did not draw any conclusions at this time regarding

the comparabiiity between tests with Tiving and cadaver specimens.

2. Shaker-produced Brain Motions in Cadaver and Living Monkeys, Dr. W. Alter,
Armed Forces Radiologica’ Research Institute. Or. Alter’s second paper was &
interim repor:t on the use of vibrating shaker tabies to groduce brain motions
which are then studied using high-speed X-rays. This study has four
objectives: (1) effects of constant-frequency vibrations, (2) effects of
resonant constant-frequency vibrations, (3) differences between brain

motions of living and fresnh cadaver monkeys, and (4) experimental data to
validate the finite-element nead model under development by Dr. C.C. Ward

at the Naval Civil Engineering Laboratory. The technique employs a form of
high-speed X-ray whicn allows frame rates up to 1000 per second, but for a
1imited number of frames. The current exposure is 500 frames per seconc

for a maximum of 50 frames. The monkeys are prepared by implanting a row

of radiopague pellets in the brain, .75 cm off the midline and one cm beiow
the skull surface. A matching row of peliets is attached to the skui:l
surface. The animal is in the supine position, with the head in a rigic
heimet on the shaker table an angular acceleration is imparted. At iow
frequencies, skull excursion is one cm; at high frequencies (30 Hz), excursion
is 2mm. Dr. Alter showed a film of high-speed X-ray which iliustrated a

s1ight out-of-phase relative motion between the two rows of neliets.

Aowever, since lead peilets (density i1) were used, it is possibi

relative motion was due to density ¢ifferences between the pelle
srain. Dr. Alter reported that ieaced ¢lass peilets (isoderse)
gensity will be used in future tesis. Tney have noted no heart
biood pressure changes in Tive aninais at constant vibration up
Cadaver animals are tested 24 hours after euthanasia, using the e

as was tested live. This project is stiil in its early stages and Or. Aite
mentioned five tasks yet to be accomplished: (1) establish if there are
relative motions using leaded giass spheres, (2) increment pellet location
from skull surface to center of rotation to document extent of relative
motions, (3) compare motions in cifferent parts of the brain, (4) vary the
time lapse between euthanasia ana cadaver testing, and (5) emplace the peiiets
in a cadaver to simulate the method required for human cadaver testing.

They are not currently planning to test the response to various modes of
vibration, except perhaps at the center of rotation.
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3. Classification of Cranio-Encephalic Lesions, Dr. C.H. Tarriere, Association
of Peugeot-Renault. Or. Tarriere briefly described the results of ¢ recent
lateral-impact injury study, noting that more injuries occur to the head tnan
to any other body region. He proposed that a large, common effort be directed
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w3 u:u.i'nl:; cuGavers To u(l.un.a,h LCT reat head Tnpact Injuris fe ¢ ned
saverai difficulties in anaiysis of head injuries, spec:?.ca.a/ i
corretation has been establisned between cbservable skuii injursies
associated brain jesions; (2 secondary lesions are not identified;
(3} severe i¢sions are not precisely desc*ibed* and (4) brain iesion
are oniy indirectiy classified. re emphasized tre neea Tor a ciassific

system that will (1) distinguish between cifferent injuries, and (2} co reTate
injuries wits ieve:rs o+ impact severity, separating the sequeiae o‘

‘0r poth survivable iajuries (mﬁ,ﬂ and without skuil fracturé) ana
(with auteops s cesigned to ~gant iy QA‘na”j and secondary iesions and
describe fracoures in e;a‘l“ Sr. Tarriere Tinisned his remarks by c¢iting
three exampies to dc“ Strate how aﬁaiysis srocedures could provide
gesiradie datva.
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4. Brain Pressurization - Cardon Particies as & Means for Detecting Vascuiar
Injury, Dr. R.W. Smith, Uaiversity of Ca'ifornia at San Diego. Medical
science is aware that there are substantia’ cnanges in the brain vascuiature
from minutes o hours after deatn, out that the Siood vessels remain patent
ana ao not "leak.! Or. Smith 1S nOW TYYIAg :c ;ssess what changes may occur
to blood vesseis within 24 tc 48 nours after ©F the brain is immediately

refrigeratec. Dr. Smith tnen reported on & tecnnigue being used at JCSD
¢ use Indie “nk particies in pressurized caciver orain vasculature as an
incicator of orain tesions. Just prior to testing, the vascuiature of the
orain s pressurized o 50 mm of merbury with a pertusate of saiine anc
Iw“a ink, via the carctia artew.eC. ne cerebrospinagl fluid spaces are
a.sc pres~urszed to 7C mn u. water. Pcs: west autopsy has reveaied a
viabie aoaizcy to compietely serfuse tne vescuiature, since the anatomy of
tae Circle of Willis ovten creatves "saunte” wnicn prevent totai perfusion.
Wren adequately perfused, sowever, the perfuszte is found in all vesseis.
These experiments have aisc aemonsirated & sensit:ve vascular injury mode’,
since ink particles can indicate lesicns ranging from siight disruption to
major contusion. Dr. Smithn was as<ec o bompa:e india ink part1Cne sx~b
with biood constituents; ne noted that tn

rea biood ceiis.
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5. Brain Pressurization - Controilec Pressurization Techniques at hSQ;,
G.S. Nusholtz, HSRI. Mr. Nusnolitz descrioad the techniques formerly an

currentiy in use at HSRI to perfuse tne prain vasculature. The current

method requires only one incision in the carotid artery and minimizes

fiuid leaks. A balloon catheter is iaserted into the ascending aorta tc

piug it and ailow maintenance of vus\,u.an oressure. Perfusate is introduced
into the carotid artery at a constant Jressure of 100mm of mercury. An

in-1ine pressure transducer measures the pressure so it can be maintained
accurateiy. The system uses & continual fluid fiow to perfuse during & test,
and it is portadble enough To use reiiably in a sled test. At the time of

test, the in-iine pressure iransducer snows goca correlation between the

impact force pulse and the resulting vascu?ar pressure pulse. Post-test,

5SRI is noting perfusate generaily tnrough the white matter, often in a

mottled pattern, even though it may not be v1s1b1e on the surface of the cortex.



In answer to questions, Mr. Nusholtz noted that the orai. "o Goo ol cwn
perfused completely, that between one-fiftn and one gaiton o seriuiaie

is used per test (not all of which goes to the head) and that t.uic some-
times leaks past the aortic balloon, but without reducing the constant
pressure. Cadavers are tested between 12 hours and 2 wecks after ceath.
The effects of these deiays on the results of a test cannot be assessed at
tnis time. Dr. Ommaya observed that the mottled appearance of the cortex
might be due to multiple smaii ruptures, as this condition is aiso seen in
patients with hypertension.

6. 5salloon Inflation Tests in Living and Cadaver Monkey Brains, Dr. A.K.
Ommaya, National Institutes of Heaith. Dr. Ommaya discussed recent work*
which is better defining pressure-voiume effects on brain tissue response.
It is now krown that, if leakage is created in the brain, the spread of
edema can be predicted and that this spread changes grossly with changes

in blood pressure. Leakage can occur in brain tissue, from cerebrospinal
fluid spaces, and from the vascuiar system, with the least amount of leakage
occurring in brain tissue. Recent experimentai evidence with monkeys snhows
that when a rapid increase in intracranial pressure is created by infiating
a balloon in the subdura: space, systemic pressure of the vascular system
will increase rapidly untii brain death occurs (the brain maintains function
until intracranial pressures reach biood pressure). 1f, however, intra-
cranial pressure is increased slowly, the biood pressure maintains a "7lat
response." It is also possible to infiltrate more fluid into the brain if
it is done slowly. Dr. Ommaya has conciuded from these experiments tnat

the brain can exhibit variations in "stiffness" during response, depenain

on the degree and method of pressurization. With cadaver monkeys, Dr. Ominaya
has noted that a long-dead brain, when pressurized, shows a relatively Tiat
linear response to volume increases. However, if the brain had been suo-
jected to high pressure before death, it maintained a "memory" for up tc

<ix hours after death and repeated a "high-pressure” type response regarciess
of the rate of volumetric increase. Dr. Ommaya feels that brain compiiance
is a critical factor in impact testing with cadavers, and that a test

needs to be devised to determined the optimum "rigidity" state of the orain
for each cadaver. A question was asked regarding response of the brain to
impulsive increases in pressure. Dr. Ommaya indicated that impuisive
Joading is being attempted, but that di<ficulties in inflating the balloon
have to date prevented loading in less than 100 msec. They currentiy
measure pulses between 0.1 and one second.

7. Comparison of Crash Simulator - Produced Injuries in Living and Cadaver
Baboons, Captain Kilian, Air Force Aeromedical Research Laboratory.

Captain Kilian described some preliminary resuits from a group oF accelerator
sled tests being performed with heavily sedated and cadaver baboons. i€
baboons are restrained at the pelvis and torso with a 3-point restraint.

Test series are being run at sled accelerations of 40, 50, and 70 g.

Cadaver animals were kept at 70°F for 24 hours before the test, and the joints
were manipulated prior to testing. Cadavers are not pressurized in either

the airway or the vascuiar system. Captain Kilian outlined several comparisons

* "Volume Pressue Curves and Pial Vascuiar Pressur i i

the Rhesu; Monkey." Nakatani, S. and Ommaya, A.K? ® fradients in
Intracranial Pressure II. International Symposium on Intpacrania’
Pressure, Lundberg, Ponten and Brock (Eds) 2d, Lund, 1974. Beriin
Heidelberg, New York, Springer-Veriag, 1975, pp. 89-96. ’
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setween live and cadaver animals as a result of tne 50- and 70-¢ tests.
Overall, cadaver "injury" data tencea to be grouped Tower than tnose of

1ive animals, with fairiy large differences at the 70 g Tevel. No head

or neck injuries were cbserved from eitrer test group, but thoracic
fractures were found in 1ive animals. HIC was calcuiated for each test,

but since no skull impact occurred, there is no significant difference
between the various g- levels. Some differences in head acceleration wave-
forms were observed, and these attributed to the cadaver havirng a less stiff
neck. A cuestioner noted tnat acceleration waveforms measured at the top

of the need could vary with the animal's position relative to the torso
restrain® system and askeo what steps were being taken to assure a uniform
restraint position from test to test. Captain Kilian indicated that the
restraint system was not positioned precisely and that attachment points
were not varied, so that results are compared only between animals of
similar size or from cne test to anotner of the same individual. In response
to other questions, Captain Kilian said that an apparently stiffer chest in
the cadavers explained different cnhest kinematics, and that the typical
injuries after high-g tests were fractures of the sternum and separated
muscles in the abdomen.

INSTRUMENTATION

8. Introductory Remarks, Dr. R. Eppinger, NHTSA. Dr. Eppinger introduced
the instrumentation portion of the Technical Session by citing two prime
reasons why it is important at this time to define three dimensional motion
in the dynamic environment, especially for the head-neck system. First,
the time history of transiation and rotation of the head and neck will be
important in future criteria. Data are needed now so they can be used
later for comparison. Secondly, data are need to define a more represent-
ative biokinematic test dummy and to describe relative motions between
various anatomical structures. Data are needed now so that motions from
today's tests can be reassessed to demonstrate how well new devices mimic
experimental specimens. Dr. Eppinger aiso mentioned that he is tryiag to
write a contract specification to govern the inertial measurement system
for the head. The specification is rather loosely defined at this time.

9. Review of Head Rotational Measurement Systems, A.K. Johnson, NHTSA.

The nine accelerometer system to measure accelerations under dynamic
conditions is coming into wide-spread usage. Mr. Johnson presented
material which points out some of the systematic errors that can occur with
the use of this system, and briefly discussed an ‘alternative approach. The
theory of using nine accelerometers to describe three dimensional motion
demonstrates that angular acceierations can be calculated using oniy iinear
acceleration inputs in the equations of motion. Mr. Johnson showed that
systematic (as opposed to random) errors can introduce unwanted angular
acceleration terms into the equations and iead to false solutions. He
discussed the errors of cross-axis sensitivity, accelerometer mismatch,

and accelerometer misalignment as the chief potential problems.



Rate gyros measure angular velocity cirectiy, c.u
they are currently heavy for cadaver testing applications, very CRLUhSIVE,
and Timited in responsiveness. Mr. Johnson recommendecc Furiner sTudy oOF
rate gyro applications. A paper, which was co-authored by A.S. ru. hew
Mexico State University, illustrates the mathematical theory behind the
presentation. It is inciuded with these proceedings. Mr. Jonnson was
asked about the availabiiity of rate gyres. Two were mentioned- the

-

Hamilton-Standard Superjet (one axis 5000°/sec., 1 in., dia., i.5 in. long,
1.5 ounces); and one manutactured by Honeywell (two axis, approximately
1000°/sec, 25 ounces). An instrumentation manufacturer commented that most
cross-talk in Tinear systems comes from misalignment, since the two errors
are related. The presentation closed with the comments that NHTSA is not
now recommending a change <o rete gyros, but that it would be worthwhile

to investigate them further. Dr. Eppinger noted that NHTSA has let a
contract for construction of & rotational acceleration testing device
designed to test and caiiorate nine accelerometer systems.

10. Second Progress Report on Moutn-Contained Acceleration Transmitter,
E.F. Konigsberg returned to this year's workshocp to report the progress

in development of a miniaturized nine accelerometer measurement system and
telemetry transmitter which is entireiy contained in a boxer's mouthpiece.
The unit has been built and it works, and vibration testing was to begia
the first week of November. Severail of the mouthpieces were avajlable For
inspection. The mouthpiece unit contains nine accelerometers (housed in

a cube 0.56 inches on a side) anc the necessary electronics to telemeter
nine acceleration channeis plus three cnannels of calculated anguiar
acceleration. Output is +i25 g over .5-500 Hz. A paper describing tre
design and specifications is inciuded in the proceedings. Mr. Konigsderg
received questions regarding cost and avaiiability. He indicated tnat zae
units will be produced commericaiily after the development program is
compiete. The cost is not yet estabiisned, but will probably be in tre
$1500 range (probably less expensive if the accelerometers are housec in

a large cube, since calibration would be much less costly).

11. Utilization of the Nine Accelerometer System with Anthropomorjaic
Jummies, Dr. S.C. Sinka, Wayne State uUniversity. ©Or. Sinka conducted &

series of planar motion sied tests at 10, 20, and 30 mph, using a
antnropomorphic dummy. He compared the acceleration of the head CG as
calculated from a nine acceierometer system and as measured by tne triaxia.
system at the dummy head CG. He repcrtes & Jood match at all three velocities
{maximum difference was & percent at 30 mph), even with large amounts of

neac rotation. The resuits of tnese tests were just published in the Journad
of Biomechanics, Volume 9§, No. 10.

12. Location in Space of a Nine Accelierometer System on Cadavers - Or. . nas.wr,
Battelie Institute. Battellie uses an indirect method to locate the position

in space of an accelerometer system when used in a cadaver test. The

mounting piate for the accelerometer system is locked and cemented to the skui:



structure. The head is tnen placed in a sterotaxic device and tne
Tocation of the mount relative to skull landmarks is measured. Three
dimpies on the plate are used to precisely position the acceierometers,
so that knowledge of the mount iocation automatically locates the
acceierometer axes.

13. Nine a
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elerometer System Experience at HSRI, Dr. J.W. Meivin, HSRI.
ion analvsis in caagaver tests, HSRI has adopted the use of
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three triaxial acceierometers, each mounted separately on the skull.
X-ray photogrammetric anaiysis is used to measure the accelerometer
Jocations reiative to the tes:t ssecimen. HSRI has conducted a test with
an embaimed cadaver, in which the output of triaxial accelerometers placed
at the base of the skuii is compared the results of a skuli-mounted nine
axis system. The nine-acceierometer system accurately predicted the
accelerations measured by the triaxiai system.

i

At this point Captain Kilian, AMRL, mentioned that he is having some
problems in mounting the nine-acceiercmeter system to the skull of live
subjects. He also noted that, when the mounting is secure, the system
works very well.

Comparability Between Cadavers

At the Third Annuai Workshop, considerabie attention had been devoted
to establishing a simpie test that each researcher could oerform on every
cadaver tested, so that thie effects of cadaver condition on test resuitls
might be more easily assessed. A rib fracture test reportea by Granick
and Stein in the Journal of Biomechanics was recommended and severai
research groups agree tc perform the test and report to this year's workshop.

14. Rib Testing Techniques at the University of Heidelberg, Dr. D. Kaiiieris,
University of Heideiberg, Germany. Or. Kallieris has tested 128 segments

from 44 males and 20 females who died of natural causes. Each sampie was

19 cm in length. Sixth-rib segments were ioaded to the concave side,
seventh-rib segments to the convex side, aithough the Granick and Stein

method of loading was not used. Resuits indicated that the absoiute strengtn
of the male sixth-rib segments increzsed to age 40, then decreased. Increasirg
strength was found in males only to age 30 with the seventh-rib segments.

For females, both sixth and severnth ribs decreased in absolute strenginh Trom
age 20 (the youngest sainpie). However, wieh normalized for fracture l0&c

per unit area, there were ainmost nc maic-Temale differences. Dr. Kaiiieris devines
rib fracture as the maximum load achieved. re noted little difference in
results of tests with two ribs from tne same person. M.J. Walsh, Calspan,
commented that his results show same-indivicdual differences even after
normalizing for cross-sectional area.



5. Experience with the alternacive to the Granick anc Stein A°b Test,
Mr. M.J. Waish, Caispan. Mr. Waisn reported that ne nas been using the
Granick and Stein test since 1975, but that ne now proposes a aifferent
comparability test. The Granick and Stein technique agpiies to rib
testing a method which is des:igned for 1inear anisoiropic homogeneous
materials. In actual practice, it is difficult to measure the needed
cross-sectional area of the bone, the rib must be thoroughly cleaned
before the area is measureda, anu tne necessary beam iength is difficuit

to obtain. Also, the method must be used after the dynamic test nas
already been run. Mr. Waish orcsosec a test using the radius, which can
be performed pre-test as a screening methoda. The technique invoives a
parabolic index reported oy Epker and rrost in the Journal of Gerontoliogy,
Voi. 19, October 1964. The incex compares corticai bone area to marrow
area for a thin cross-seccion of tne radius. This index is appropriate

to cadaver testing since "t assesses ine degree of osteoporosis. It is
also accepted by orthopedists. Caispan has used this technique and has
successfully matched the norms applied by Epker and Frost.

&S a aiscussion period deaiing
e noted tnat the ultravioiet
tein was too intense and that
e measuring area. Dr. Melvin,
HSRI, cescribed some probiems witrn The rid section Crushing in some cases
and deflecting to a V-snape witnout oreaking in others. HSRI usec a
iarger-radius iloading pad to reduce <his probiem. Mr. Walsh, Calspan,
reported similar prodbiems out dic not chenge the loading radius to

maintain consistency with cther Granick and Stein test results. Or. Meivin
also suggested that researchers use potn the Granick and Stein and Epker
and rrost tests during the next year and report findings at the Fiftn
Workshop. This suggestion was accepted by many of the researchers present.
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they now cut cross-sections of rios oefo
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At this point, the Technicai Session was completed. Mr. Hirsch
announced that the Fifth Internaticna’ Workshop wouid be heid on Tuesca
October 18, 1977, in New Orieans, Louisiana, the day immediateiy prece
the 2ist Stapp Car Crash Conference. The workshop was concluded a

David R. Foust, HSRI
Secretary



